The advantage of proton radiography for early cancer detection in soft human tissue has been demonstrated. 1-4 In order for this technique to become a practical medical tool for early detection of cancer, however, a proton source suitable for use in hospitals and clinics is required. An initial concept of such an accelerator has been discussed. S It would meet the requirements considerably better than any existing accelerator and be simple, reliable, and economical.
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Accelerator Requirements
In the medical application of proton radiography, protons are transmitted through a human being and through an additional absorber to a detector. The energy of the protons must be such that about half stop in the absorber. The remainder are detected to give the very sensitive measure of the amount of material traversed. Since the sensitivity is inversely related to the proton range, the energy must be adjustable to match the average thickness of the part of the body being radiographed. The range of 100 MeV The injection of low energy H-ions and the relatively long acceleration cycle of the proton diagnostic accelerator combine to set a severe requirement on the vacuum system, which must be approximately 1 x 10-10 Torr. Vacuum chambers which must operate at these extremely low pressures are typically made of stainless steel. Careful measurements by CERN on the stainless steel chosen for their intersecting storage rings showed that this material, even after an in situ bakeout at 3000 C, was releasing hydrogen gas at the rate of about 3 x 10-12 Torr I/slcm2. The measurements also showed that this hydrogen appeared to be diffusing out of the bulk of the material (rather than desorbing from the surface), and the constancy of the rate over longtimes suggested a virtually infinite reservoir of hydrogen. This was confirmed by chemical analysis which showed the hydrogen impurity to be about 0. 00 1% or 1019 molecules/cm3 of steel.
The required pressure of 1 x 10-10 Torr is relatively easy to achieve today. Combined with the high impedance characteristics of the proton diagnostic accelerator vacuum chamber, however, and the limiting of its baking temperatures (-2500 C), makes it a bit more difficult. Also, the most convenient vacuum pump for the job, the sputter ion pump, has very poor pumping speeds for hydrogen at low pressures. Singleton from Westinghouse Research Laboratories has found this to be the most important disadvantage of a sputter ion pump. Attempts to improve this performance by the use of hydrogen-free titanium have not proved successful. Prolonged baking of the pump at 4000 C in a vacuum of 10-Torr was even found to be ineffective in improving low pressure sputter ion pumping performance. These experiments support the suggestion that the lack of pumping is not caused by reemission of hydrogen but simply by the presence of a surface diffusion barrier which inhibits diffusion so that hydrogen cannot be dispersed into the bulk of the cathode.
If the pumping load is primarily reactive gases, such as nitrogen, oxygen, and hydrogen, the ion pump can be combined with a sublimation pump. Now the ion pump plays the secondary role of pumping the residual nonreactive gases while the sublimation pump can provide large pumping speeds for the reactive gases. The sublimation pump evaporates a metal, commonly titanium, either continuously or step-wise onto a surface cooled to room temperature or below. dropped after each energization of the sublimation pump. After 10 days, the base pressure in the system was 2 x 10-11 Torr.
It is conceivable from the above test that a compartmentalized chamber, built as an integral part of and around the outer periphery of the chamber for the circulating beam, could contain the proper combination of ion and sublimation pumping to achieve and maintain the necessary base pressure. Prebaking of the chamber to 400 or 5000 C before installation and designing for in-place baking of 200-2500 C after installation should assure tolerable contamination if reasonably maintained. Adequate magnetic field for proper operation of the ion pumps might come from the same magnets maintaining the beam in its circulating path.
